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(54) Spring balancer apparatus 



(57) The elastic modulus of entire spring means is 
enhanced by arranging springs with different diameters 
overlapping each other, Inside and outside, around a 
rod, without increasing the spring coll diameter. If the 
spring coil diameter Is increased, the overall length of 
each spring must be increased to maintain the extension 
and contraction strokes of the spring means. However, 



if two or more springs are arranged overlapping each 
other, the elastic modulus of the entire spring means can 
be enhanced without increasing spring coil diameter. 
Thus, a smaller-size spring balancer apparatus of a 
fixed power level can be provided without increasing the 
overall length of the spring means to maintain the ex- 
tension and contraction strokes. 



Fig. 1 
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Description 



[0001] The present invention relates to an improve- 
ment of a spring balancer apparatus. 
[0002] Conventionally, there is a spring balancer ap- 
paratus that counterbalances fluctuations in gravitation- 
al load that are caused by the change of attitude of mov- 
able parts ot a machine such as a robot. 
[0003] FIG. 2 shows an example of the case where a 
spring balancer apparatus is located between a base 
and an arm of a robot. 

[0004] FIG. 2 is a side view showing the principal part 
of a robot arm 1 and an outline of a spring balancer ap- 
paratus 2. The robot arm 1. which is rockably mounted 
on a base 3, can be rocked within a vertical plane by 
means of a sen/omotor or the like for use as a drive 
source. When the robot arm 1 is in its upright position 
(attitude la), a load that is applied along the central axis 
of the robot arm 1 only acts in the radial direction with 
respect to a pivotal point Q between the robot arm 1 and 
the base 3, and no moment acts around the point Q. 
[0005] When the robot arm 1 rocks counterclockwise 
to assume an attitude 1 b, on the other hand, a left-hand- 
ed moment acts around the poini Q. When the arm 1 
rocks clockwise to take an attitude lc. right-handed mo- 
ment acts around the point Q. To keep the robot arm 1 
stationary, resisting these moments, a substantial load 
acts on the servomotor or the like, thus entailing a waste 
of electric power. . 

[0006] The spring balancer apparatus 2 is provided in 
order to counterbalance or reduce fluctuations in gravi- 
tational load that are caused by the change of the atti- 
tude. As shown in FIG. 3, the conventional spring bal- 
ancer apparatus 2 generally comprises a pipe 4, first 
wall plate 8, second wall plate 10, rod 5, retaining plate 
6, and spring 7. 

[0007] The first wall plate 8. which has a through-hole 
in its central portion, is fixed to one end of the pipe 4. 
The rod 5 penetrates the through-hole of the plate 8, 
and the retaining plate 6 is attached to the distal end of 
the rod 5. A compressed spring 7 is interposed between 
the retaining plate 6 and the first wall plate 8, whereby 
the rod 5 is continually urged to plunge into the pipe 4. 
A bush housing 9 is an auxiliary member for maintaining 
the linear motion of the rod 5. The bush housing 9, which 
is fixed to the first wall plate 8 by means of bolts or the 
like, guides the rod 5 in linear motion. 
[0008] A sleeve 1 3 Is provided integrally on each side 
ot the outer peripheral portion of the pipe 4. A pin 12 of 
a staple 11 that is set up on the base 3 is fitted in each 
sleeve 13. As shown in FIG. 3, the pipe 4 is rockably 
mounted on the staples 11 by means of the sleeves 13 
and the pins 12. 

[0009] A crevice 1 5 is provided integrally on one end 
of the rod 5 that is remoter from the retaining plate 6. A 
pin 1 4, which is fixed to the lower end portion of the robot 
arm 1. is fitted in a through-hole in the crevice 15. With 
this arrangement, the rod 5 is rockable around the pin 



14 at the lower end of the arm 1, as shown in FIG. 2. 
[0010] Thus, when the robot arm 1 rocks in the coun- 
terclockwise direction (attitude 1 b of FIG. 2), the attitude 
of the spring balancer apparatus 2 is changed into a 

5 state 2b such that the spring 7 is compressed. There- 
upon, the crevice 15 pulls the pin 14 to give a clockwise 
moment to the arm 1. In consequence, a counterclock- 
wise moment anributable to the gravitational load that 
is produced by the attitude change of the robot arm 1 is 

^0 canceled. 

[0011] When the robot arm 1 rocks In the clockwise 
direction (attitude 1c), on the other hand, the attitude of 
the spring balancer apparatus 2 is changed into a state 
2c such that the spring 7 is compressed. Thereupon, the 

IB crevice 15 pulls the pin 14 to give a counterclockwise 
moment to the arm 1 . In consequence, a clockwise mo- 
ment attributable to the gravitational load that is pro- 
duced by the attitude change of the robot arm 1 is can- 
celed. 

20 [0012] If the weight of the robot arm 1 is increased, 
the spring 7 used should naturally have a proportionally 
higher elastic modulus. 

[0013] Conventionally, the elastic modulus is en- 
hanced by increasing the coil diameter of the spring 7. 
^5 If the coil diameter of the spring 7 is increased, however, 
the distance between each two adjacent spiral turns is 
reduced. In consequence, satisfactory extension and 
contraction strokes cannot be obtained unless the over- 
all length of the spring 7 is generous. Inevitably, there- 
to fore, the whole structure of the spring balancer appara- 
tus 2 itself is large-sized. 

[0014] The object of the present Invention is to provide 
a small-sized, high-power spring balancer apparatus, 
whereby the aforementioned drawbacks of the prior art 

35 can be eliminated. 

[0015] In order to achieve the above object, a spring 
balancer apparatus according to the present invention 
is designed so that two or more springs with different 
turn diameters are arranged overlapping one another 

40 around a rod between a retaining plate attached to one 
end of the rod and a wall plate of a housing situated 
remoter from the retaining plate. Thus, a required elastic 
modulus can be obtained without increasing the spring 
coil diameter, so that the overall size of the spring bal- 
ancer apparatus can be made smaller than in the case 
where the elastic modulus is enhanced by means of a 
single spring. 

[0016] Further, the retaining plate and/or the wall 
plate is formed with a circumferential groove or protru- 

50 sion, which can internally or externally touch one end of 
each spring, thereby fixing the center position of each 
spring. By doing this, the adjacent springs are prevented 
from being dislocated and interfering with one another. 
Since the adjacent springs can be located close to one 

BS another, the whole structure can be reduced in size. 
[0017] Moreover, the springs are arranged overlap- 
ping one another in a manner such that the adjacent 
springs, \r\nB^ and outer, are turned in opposite direction 
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and that the direction of buckling caused as they are 
compressed is in line with the diametrical direction 
thereof. Thus, the adjacent springs can be arranged 
close to each other without the possibility of getting in- 
tertwined or interfering with each other so thai the whole 
structure is further reduced in size. 
[0018] Furthermore, the housing is composed of a 
pipe and wall plates at the opposite ends of the pipe, the 
wall plates being fastened by means of tie rods to form 
a constructible integral unit, the retaining plate and the 
rod are connected so as to be able to be disassembled, 
and a housing for bushes for guiding the rod is remov- 
ably attached to a through hole in the housing on the 
side remoter from the retaining plate. Thus, expenda- 
bles and the springs can be easily replaced with new 
ones. 

[0019] The foregoing and other objects and features 
of the invention will become apparent from the following 
description of preferred embodiments of the invention 
with respect to the accompanying drawings, in which: 

FIG. 1 is a sectional view showing a spring balancer 
apparatus according to one embodiment of the in- 
vention; 

FIG. '2 is a side view showing the principal part of a 
robot arm and an outline of the spring balancer ap- 
paratus, which are common to the one embodiment 
of the invention and the prior art; and 
FIG. 3 is a sectional view showing a conventional 
spring balancer apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] FIG. 1 is a sectional view showing a spring bal- 
ancer apparatus 1 6 according to one embodiment of the 
present invention, which is divided by two planes that 
intersect each other at an angle of 135* on the central 
axis of a rod 5. 

[0021] As In the conventional example shown in FIG. 
3, two sleeves 13, each of which is fitted on a pin 12 of 
its corresponding staple 11 on a base 3, are opposed to 
each other at a pitch of 180° in the circumferential di- 
rection of a pipe 4. Four fastening protrusions 17 are 
arranged circumferentially at angular intervals of BO** or 
at distances of 45° , 1 35° , 225° , and 31 5* from the po- 
sition of one of the sleeves 1 3. 

[0022] The spring balancer apparatus 16 comprises 
a body (housing) 18, which is composed of a pipe 4, first 
wall plate 8, and second wall plate 10. The apparatus 
16 further comprises a rod 5. retaining plate 6, springs 
7a and 7b with different turn diameters, and bush hous- 
ing 9. which are mounted in the body 18. Bushes 41 and 
42 are fitted in the bush housing 9. 
[0023] A peripheral wall 20 integrally protrudes inward 
from the central portion of the first wall plate 8. One end 
portion of the bush housing 9 is fitted in a through-hole 
that is composed of a reduced-diameter portion 1 9 at 



the distal end of the peripheral wall 20. A flange portion 
9a of the bush housing 9 is attached to the peripheral 
wall 20 by means of bolts 21. Thus, the housing 9 is 
mounted on the first wall plate 8 by means of the bolts 
5 21. 

[0024] The outer peripheral surface of a thick-walled 
portion 22, formed on the basal part of the peripheral 
wall 20. forms a circumferential protrusion 23, The pro- 
trusion 23 touches the Inside of the small-diameter 

10 spring 7a that is interposed between the retaining plate 
6 and the first wall plate 8, thereby preventing disloca- 
tion of the spring 7a. Further, the inner peripheral sur- 
face of a peripheral wall 24 that is formed protruding in- 
ward from the outer peripheral portion of the wall plate 

IS g forms an Inner peripheral groove 25. The groove 25 
touches the outside of the large-diameter spring 7b that 
is interposed between the retaining plate 6 and the first 
wall plate 8. thereby preventing dislocation of the spring 
7b. 

20 [0025] On the other hand, a hole 26 through which the 
distal end of the rod 5 passes bored through the central 
portion of the retaining plate 6 that holds the respective 
other ends of the large- and small-diameter springs 7a 
and 7b. The constricted distal end portion of the rod 5 

25 is inserted into the hole 26 and a nut is screwed on the 
external thread portion 27 formed on the constricted dis- 
tal end portion so that the constricted distal end portion 
of the rod 5 is fixed to the retaining plate 6. 
[0026] A large-diameter portion 29, medium-diameter 

30 portion 30, and small-diameter portion 31 are fomned on 
the outer peripheral portion of the retaining plate 6 by 
cutting using a lathe or the like. One end of the small- 
diameter spring 7a is supported on the inner end face 
of the medium-diameter portion 30, while one end of the 

35 large-diameter spring 7b is supported on the inner end 
face of the large-diameter portion 29. 
[0027] The diameter of a circumferential protrusion 
that is constituted by the smalt-diameter portion 31 of 
the retaining plate 6 is equal to that of the circumferential 

40 protrusion 23 of the first wall plate 8. The diameter of a 
circumferential protrusion that is constituted by the me- 
dium-diameter portion 30 is substantially equal to tl^e 
inside diameter of the large-diameter spring 7b. Thus, 
the small-diameter portion 31 of the retaining plate 6 is 

45 a structure that touches the inside of the small-diameter 
spring 7a, thereby preventing dislocation of the spring 
7a. The medium-diameter portion 30 is a structure that 
touches the inside of the large-diameter spring 7b, 
thereby preventing dislocation of the spring 7b. 

50 [0028] The small-diameter spring 7a and the large-di- 
ameter spring 7b are turned in opposite directions. If the 
spring 7a is a right-handed spiral, for example, the 
spring 7b is a left-handed spiral. If the spring 7a is left- 
handed, the spring 7b is right-handed. 

55 [0029] Prior to mounting of the small- and large -diam- 
eter springs 7a and 7b, the direction of buckling for each 
spring that is caused as they are compressed is meas- 
ured in advance. Then the springs 7a and 7b are mount- 
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ed so that the direction of their warping tiiat is caused 
as they are contracted is in line with then diametrical 
direction. Thus, the springs 7a and 7b are prevented 
from touching each other due to buckling that is attrib- 
utable to their compression. s 
[0030] A blind hole 32 in the back surface of the re- 
taining plate 6 is a spot-facing hole in which the nut 28 
can be embedded. 

[0031] One end of the pipe 4 is positioned by being 
fitted into a fitting groove 33 that is formed on the pe- io 
ripheral wall 24 of the first wall plate 8. while the other 
end of the pipe 4 is positioned by being fitted into a fitting 
groove 34 that is formed on the end face of a cylindrical 
portion of the second wail plate 10. Four tie rods 35 or 
four bolts individually penetrate through-holes that are '5 
formed in the peripheral wall 24 of the first wall plate 8. 
Then, an external screw 36 on the distal end of each tie 
rod 35 or bolt is screwed into an internal screw 37 of 
each corresponding one of the four fastening protru- 
sions 17 on the outer peripheral surface of the pipe 4. 20 
so that the first wall plate 8, pipe 4, and second wall plate 
10 are fastened integrally to one another. 
[0032] A hole 38 in the central portion of the second 
wall plate 1 0 is designed to adjust the threaded engage- 
ment between the rod 5 and the nut 28, thereby adjust- 2S 
ing the gap between the retaining plate 6 and the second 
wall plate 1 0. The hole 38 is just large enough to receive 
a box wrench or the like for the nut 28. Further, a cover 
member 39 lor closing the hole 38 is fixed to the back 
surface of the second wall plate 1 0 by means of bolts 40. 30 
[0033] In the present embodiment, the elastic modu- 
lus of the entire spring means is enhanced by doubly 
arranging the two springs 7a and 7b, inner and outer, 
with different diameters. Unlike a single-spring arrange- 
ment, this spring arrangement does not require the coil 3S 
diameter of each spring to be increased. Even in the 
case of the spring balancer apparatus 16 that requires 
high power, therefore, it is not necessary to increase the 
overall length of the spring in proportion to the increase 
of the spring coil diameter so as to extend stroke for ex- 
tension and contraction. Thus, the overall length of the 
spring balancer apparatus 16 can be made shorter than 
that ot the conventional spring balancer apparatus 2 that 
uses the single spring. 

[0034] According to the present embodiment in which ^5 
the two or more springs 7a and 7b are arranged inside 
and outside, instead ot increasing the coil diameter or 
overall length of each spring, dislocation of the respec- 
tive center positions of the springs 7a and 7b are pre- 
vented by means of the circumferential protrusion 23 of so 
the first wall plate 8, small-diameter portion 31 of the 
retaining plate 6. peripheral groove 25 of the wall plate 
8, and medium-diameter portion 30 of the retaining plate 
6. Accordingly the two springs 7a and 7b can be ar- 
ranged close to each other without interference attribut- 55 
able to dislocation, although they are frequently extend- 
ed and contracted. Thus, a plurality of springs can be 
arranged overlapping one another without increasing 



the diameter of the spring balancer apparatus 16. 
[0035] In mounting the small- and large-diameter 
springs 7a and 7b, moreover, they are made coincident 
in buckling directivity. If the springs 7a and To are com- 
pressed and warped, therefore, the possibility of their 
interfering with each other is low. Even If any interfer- 
ence is caused, the springs 7a and 7b never get inter- 
twined when they are compressed, since they are 
turned in opposite directions. 

[0036] The bush housing 9 is mounted on the wall 
plate 8 by means of the bolts 21, while the rod 5 is at- 
tached to the retaining plate 6 by means of the nut 28. 
If the inner peripheral surfaces of the bushes 41 and 42 
and the outer peripheral surface of the rod 5 are worn 
out, therefore, these members can be easily replaced 
with new ones. Since the wall plate 8, pipe 4. and wall 
plate 10 can be easily disassembled by only removing 
the tie rods 35. moreover, replacement of the worn 
springs 7a and 7b is easy. 

[0037] In the spring balancer apparatus according to 
the present invention, as described above, the elastic 
modulus of the entire spring means is enhanced by ar- 
ranging two or more springs with different diameters 
overlapping each other Unlike a single-spring arrange- 
ment, this spring arrangement does not require the coil 
diameter or overall length of each spring to be in- 
creased. Thus, there may be provided a small-sized, 
high-power spring balancer apparatus. 
[0038] Further, the spring balancer apparatus is as- 
sembled with use of the circumferential groove and pro- 
trusion for fixing the spring center position in a manner 
such that the adjacent springs, inner and outer, can 
buckle in the same direction. Thus, no extra space is 
needed between the springs, so that the diameter of the 
spring balancer can be reduced. Since the adjacent 
springs are turned in opposite directions, moreover, in- 
terwinemenl of springs which would prevent contraction 
does not occur even if they touch each other. 
[0039] Furthermore, the two wall plates that constitute 
the body and the pipe are formed independently of one 
another, and the retaining plate, rod, and bush housing 
can be disassembled with ease. Thus, expendables car^ 
be easily replaced with new ones. 



Claims 

1. In a spring balancer apparatus located between a 
base of a machine and a rockable part or between 
movable parts of the machine, the apparatus com- 
prising: 

a housing having a retaining plate therein; 
a rod having one end rctatably mounted on the 
base of the machine or the rrravable part and 
the other end attached to the retaining plate in 
the housing: and 

two or more springs with different turn diame- 
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ters arranged around the rod in the housing, be- 
tween the retaining plate and a wall plate of the 
housing situated remoter from the retaining 
plate. 

2. The spring balancer apparatus according to claim 
1 , wherein said retaining plate and/or said wall plate 

is formed with a protrusion or groove which engag- 
es one end of each of the springs, to position the 
spring. 

3. The spring balancer apparatus according to claim 
1 or 2, wherein said springs with different tum diam- 
eters in the housing are turned in opposite direc- 
tions. 



ing into the recess, the projecting end portion of the 
rod having a thread portion fitted with a nut, where- 
by the rod is attached to the retaining plate, and said 
second wall plate is formed with a through hole in 
the center such that the nut can be operated 
through the through hole from outside the housing. 



4. The spring balancer apparatus according to claim 
1 , 2 or 3 wherein said two springs are located be- 
tween the retaining plate and the wall plate of the 
housing situated remoter from the retaining plate in 20 
a manner such that the direction of buckling caused 

as the springs are compressed is in line with the 
diametrical direction thereof. 

5. The spring balancer apparatus according to any 25 
preceding claim, wherein said housing includes a 
pipe member, a first wall plate located at one end 

of the pipe member through which the rod is insert- 
ed into the housing, and a second wall plate located 
at the other end of the pipe member, and is formed 30 
by fastening the first and second wall plates by 
means of tie rods or bolts. 



The spring balancer apparatus according to any 
preceding claim, wherein the distal end portion of 3S 

said rod is removably attached to the retaining ^ 
plate. 

The spring balancer apparatus according to any 
preceding claim, wherein a bush housing having a 
bush therein is attached in a through hole formed in 
the wall plate of the housing situated remoter from 
the retaining plate, so that the bush serves to guide 
the rod. 

45 

The spring balancer apparatus according to any 
preceding claim, wherein said retaining plate is 



formed with a plurality of ringshaped step portions 
centering around the rod attached thereto and hav- 
ing diameters reduced in stages toward the inner so 

part of the housing, one end of each said spring be- 
ing positioned by means of each corresponding 

step portion. 



9. The spring balancer apparatus according to claim ss 
5, wherein said retaining plate is formed, in the cent- 
er thereof, with a recess opening toward the second 
wall plate of the housing, one end of the rod project- 
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Fig. 3 
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